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EXPRESS MAIL NO.: EV 284452731 US 
DOCKET NO.: 

METHODS AND COMPOSITIONS FOR DIAGNOSIS, STAGING 
AND PROGNOSIS OF PROSTATE CANCER 

FIELD OF THE INVENTION 

5 The present invention relates, inter alia, to novel methods and compositions for the 

diagnosis, staging and prognosis of prostate cancer, based on transcriptional silencing of gene 
expression, including of zinc finger protein 1 85 (ZNF 1 85), prostate secretory protein (PSP94) and 
bullous pemphigoid antigen (BPAG). The present invention also relates to genomic DNA 
methylation. 

10 

STATEMENT REGARDING FEDERALLY FUNDED RESEARCH 
This work was, at least in part, supported by National Institutes of Health Grants CA91956 
and CA70892, and the United States Government has certain rights in the invention. 

15 BACKGROUND 

Currently, tumor stage, Gleason score, and preoperative serum PSA are the only well- 
recognized predictors of prostate cancer progression. However, these markers cannot reliably 
identify men that ultimately fail therapy, and give no insight into prostate carcinogenesis, or 
potential therapeutic targets for prostate cancer. 

20 Inactivation of tumor suppression genes is an important event contributing to the 

development of neoplastic malignancies. In addition to the classical genetic mechanisms involving 
deletion or activating point mutations, growth regulatory genes can be functionally inactivated by 
epigenetic alterations, for example, alterations in the genome other than the DNA sequence itself; 
which include global genomic hypomethylations, promoter hypermethylation of CpG islands, 

25 histone deacetylations and chromatin modifications. Molecular analysis of tumor-derived genetic 
and epigenetic alterations may have a profound impact on cancer diagnosis and monitoring for 
tumor recurrence. 

There is a need in the art to analyze differentially expressed genes {e.g., using microarrays) 
between corresponding normal and cancer tissues to advance the understanding of the molecular 
30 basis of malignancy, and provide biomarkers or prognostic markers of malignancy. There is a need 



in the art to identify and statistically correlate altered expression of genes that is characteristic of the 
specific stage of the cancer to provide a supplementary approach to the histopathological work-up of 
precancerous and cancerous lesions of the prostate. 

5 SUMMARY OF THE INVENTION 

Genes expression was profiled in benign and untreated human prostate cancer tissues using 
oligonucleotide microarrays. Fifty (50) genes with distinct expression patterns in metastatic and 
confined tumors (Gleason score 6 and 9, lymph node invasive and non-invasive) were identified. 
Validation of expression profiles of six genes by quantitative PGR revealed a strong inverse 

10 correlation in the expression of zinc finger protein (ZNF185), bullous pemphigoid antigen gene 
(BPAGl), and prostate secretory protein (PSP94) with progression of prostate cancer. 

Treatment of prostate cancer cell lines with 5-aza-2'-deoxycytidine, an inhibitor of DNA 
methylation, restored ZNF185 expression levels. Moreover, methylation-specific PGR confirmed 
methylation of the 5*CpG islands of the ZNF185 gene in all metastatic tissues and 44% of the 

15 localized tumor tissues as well as in the prostate cancer cell lines tested. Thus, transcriptional 
silencing of ZNFl 85 by DNA methylation in prostate tumor tissues implicates the ZNFl 85 gene in 
prostate tumorigenesis. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Figure 1 shows expression of 50 significantly regulated genes in 36 prostate tissue samples. 

Gluster diagram depicting genes that distinguish metastatic (Met; n=5) fx>m confined tumors with 
Gleason score 9 lymph node positive (9P; n=6) or negative (9N; n=6) and Gleason score 6 lymph 
node positive (6P; n=6) or negative (6N; n=5) prostate cancer and adjacent benign tissues (ABT; 
n=8) (n represents the number of tissues). Each row represents a gene and each column a tissue 
25 sample. Red and green represent up regulation and down regulation, respectively, relative to the 
median of the reference pool. Gray represents technically inadequate or missing date, and black 
represents equal expression relative to the reference samples. Color saturation is proportional to the 
magnitude of the difference from the mean. Each gene is labeled by its gene name. Mean and 
standard deviation (S.D.) of the fold change in the expression levels of genes compared to ABT is 
30 shown. 
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Figure 2a shows forward primer (FP), reverse primer (RP) and probes used for Taqman real- 
time PCR. 

Figure 2b shows expression levels of genes ZNF 1 85, PSP94, BPAG 1 and Erg-2 as validated 
by Taqman real-time PCR in 36 samples (28 cancer and 8 benign) used for microarray analysis and 
5 an additional 8 samples (4 cancer and 4 benign). Values are expressed as the copy number of the 
gene relative to GAPDH levels. Metastatic tissues (Met u) n=5, Gleason score 9, lymph node 
positive (9P ■) n=7 or negative (9N □) n=8 and Gleason score 6, lymph node positive (6P x) n=6 or 
negative tissues (6N o) n=6 and adjacent benign tissues (ABT o) n= 12 were used, (n represents the 
number of tissues). Mean ± standard deviation (S.D.) of relative expression levels of each group is 
10 shown on the left. 

Figure 3a shows expression of ZNF185 levels in prostate cancer cells treated with 6 jiM 5- 
Aza-CdR for 6 days. Four separate experiments are represented, and the error bars denote the 
standard deviation. The symbol Indicates statistical significance over the untreated cells 
(p<0.05%). 

1 5 Figure 3b shows the PCR primers (forward primer [FP], reverse primer [RP]), used for MSP 

of prostate tissues. The symbol " W" represents unmodified or wild type primers, "M,*' methylated- 
specific primers, and "U," unmethylated-specific primers, equence difference between modified 
primers and unmodified DNA are in boldface type and differences between methylated/modified and 
unmethylated/modified are underlined. 

20 Figure 3c shows MSP analysis of ZNF185 DNA in prostate tissue samples and cell lines, 

with and without 5-Aza-CdR treatment. The amplified products were directly loaded onto DNA 500 
lab chip and analyzed on Agilent 2100 Bioanalyzer. Molecular size marker is shown at left. All 
DNA samples were bisulfite-treated except those designated untreated. The experiments were 
repeated twice and the representative band of the PCR product in lanes U, M and W indicates the 

25 presence of unmethylated, methylated and wild type ZNF 1 85 DNA, respectively. 

Figure 3d shows a summary of the incidence of methylation of ZNF185 DNA in prostate 
tissues analyzed by MSP. 

DETAILED DESCRIPTION OF THE INVENTION 
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DEFINITIONS 

The term "ZNF185" refers to the art recognized zinc finger protein 185; 
The term "PSP94" refers to Prostate secretory protein 94; 
The term "BPAGl" refers to Bullous pemphigoid antigen gene 1; and 
5 The term "MSP" refers to Methylation specific PGR 

The terms "LNCaP," "PC3" and "LAPC4" refer to ait-recognlzed human prostate cancer cell 

lines. 

OVERVIEW 

10 The present invention provides, inter dia, biologically and clinical relevant clusters of genes 

characteristic of prostate cancer versus benign tissues and confined versus metastatic prostate cancer 
using oligonucleotide microarrays. Expression profiles were generated from 5 metastatic prostate 
tissues, and 23 confined tumors including 12 Gleason score 9 Qiigh grade), and 1 1 Gleason score 6 
(intermediate grade) tumors. In addition, 8 adjacent benign prostatic tissues were also studied. 

15 Fifty (50) genes have been identified herein with distinct expression patterns in prostate cancer 
compared with benign prostatic tissues. Expression levels of prostate secretory protein (PSP94), 
zinc finger protein (ZNF185), bullous pemphigoid antigen gene (BPAGl), prostate specific 
transglutaminase gene (TGM4), Erg isofom 2 (Erg-2) and Rho GDP dissociation inhibitor (RhoGD- 
P) were validated by Taqman quantitative real-time PGR. Furthermore, analysis of the expression of 

20 ZNF185 in prostate cancer cell lines revealed an increase in the expression by treatment with an 
inhibitor of DNA methylation, 5-aza-2'-deoxycytidine. Methylation specific PGR (MSP) indicated 
ZNF185 inactivation by CpG dinucleotide methylations in prostate cancer cell lines and cancer 
tissues. Our studies show tfiat down-regulation of ZNF185, PSP94 and BPAGl with epigenetic 
alteration of ZNF185 is highly associated with prostate cancer progression and serve as useful 

25 biomarkers for predicting progression of the cancer. 

Oligonucleotides. The present invention includes nucleic acid molecules (e.g., 
oligonucleotides and peptide nucleic acid (PNA) molecules (PNA-oligomers)) that hybridize under 
moderately stringent and/or stringent hybridization conditions to all or a portion of the sequences 
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SEQ ID NO: 1, or to the complement thereof. The hybridizing portion of the hybridizing nucleic 
acids is typically at least 9, 15, 20, 25, 30 or 35 nucleotides in length. However, longer molecules 
have inventive utility, and are thus within the scope of the present invention. 

Preferably, the hybridizing portion of the inventive hybridizing nucleic acids is at least 95%, 
5 or at least 98%, or 1 00% identical to the sequence, or to a portion thereof of SEQ K> NO: 1, or to the 
complement thereof. 

Hybridizing nucleic acids of the type described herein can be used, for example, as a primer 
(e.g., a PGR primer), or a diagnostic and/or prognostic probe or primer. Preferably, hybridization of 
the oligonucleotide probe to a nucleic acid sample is performed under stringent conditions and the 
1 0 probe is 1 00% identical to the target sequence. Nucleic acid duplex or hybrid stability is expressed 
as the melting temperature or Tm, which is the temperature at which a probe dissociates from a 
target DNA. This melting temperature is used to define the required stringency conditions. 

For target sequences that are related and substantially identical to the corresponding 
sequence of SEQ ID NO: 1 (such as allelic variants and SNPs), rather than identical, it is useful to 
15 first establish the lowest temperature at which only homologous hybridization occurs with a 
particular concentration of salt (e.g., SSC or SSPE). Then, assuming that 1% mismatching results in 
a l^C decrease in the Tm, the temperature of the final wash in the hybridization reaction is reduced 
accordingly (for example, if sequences having > 95% identity with the probe are sougjit, the final 
wash temperature is decreased by 5^C). In practice, the change in Tm can be between 0.5*^0 and 
20 1.5T per 1% mismatch. 

Examples of inventive oligonucleotides of length X (in nucleotides), as indicated by 
polynucleotide positions with reference to SEQ ID NO: 1 , include those corresponding to sets (sense 
and antisense sets) of consecutively overiapping oligonucleotides of length X, where the 
oligonucleotides within each consecutively overlapping set (corresponding to a given X value) are 
25 defined as the finite set of Z oligonucleotides from nucleotide positions: 
nto(n + (X-l)); 
wheren=l,2, 3,...(Y.(X-1)); 

where Y equals the length (nucleotides or base pairs) of SEQ ID NO: 1 (3,614); 
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where X equals the common length (In nucleotides) of each oligonucleotide in the set (eg., 
X=20 for a set of consecutively overlapping 20-mers); and 

where the number (Z) of consecutively overlapping oligomers of length X for a given SEQ 
ID NO of length Y is equal to Y.(X-1). For example Z= 3,614-19= 3,595 for either sense or 
5 antisense sets of SEQ ED NO: 1 , where X=20. 

Preferably, the set is limited to those oligomers that comprise at least one CpQ TpG or CpA 
dinucleotide. 

Examples of inventive 20-mer oligonucleotides include the following set of 3,595 oligomers 
(and the antisense set complementary thereto), indicated by polynucleotide positions with reference 
, 10 toSEQIDNOrl: 

1-20, 2-21, 3-22, 4-23, 5-24 3593-3612, 3594-3613 and 3595-3614. 

Preferably, the set is limited to those oligomers that comprise at least one CpQ TpG or CpA 
dinucleotide. 

The present invention encompasses, for SEQ ID N0:1 (sense and antisense), multiple 
1 5 consecutively overlapping sets of ol igonucleotides or modified oligonucleotides of length X, where, 
e.g., X= 9, 10, 17, 20, 22, 23, 25, 27, 30 or 35 nucleotides. 

The oligonucleotides or oligomers according to the present invention constitute effective 
tools useful to ascertain genetic and epigenetic parameters of the genomic sequence corresponding to 
SEQ ID N0:1, and the complement thereof. Preferred sets of such oligonucleotides or modified 
20 oligonucleotides of length X are those consecutively overlapping sets of oligomers corresponding to 
SEQ ID NO: I (and to the complement thereof). Preferably, said oligomers comprise at least one 
CpQ TpG or CpA dinucleotide. 

Oligonucleotides and PNA-oligomers capable of hybridizing, as described herein above, to 
bisulfite-converted sequences of SEQ ID NO: 1 are also within the scope of the present invention. 

25 

EXAMPLE 1 

(A set of genes was identified that characterize prostate cancer and benign prostatic tissues) 
Materials and methods 

Prostate tissues. Prostate cancer tissue specimens were obtained fi-om patients who had 
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undergone radical prostatectomy for prostate cancer at Mayo Clinic. The Institutional Review Board 
of Mayo Foundation approved collection of tissues, and their use for this study. None of the patients 
included in this study had received preoperative hormonal therapy, chemotherapy, or radiotherapy. 
Harvested tissues were embedded in OCT and frozen at-80°C until use. A hematoxylin and eosin 

5 stained section was prepared to insure that tumor was present in the tissue used for the analyses. Out 
of 340 tissues available in our tissue bank, we selected tissues that had more than 80% of the 
neoplastic cells by histological examination. In order to examine differential gene expression in 
intermediate (Gleason score 6), high grade (Gleason score 9) prostatic adenocarcinoma and 
metastatic tumors, we studied 11 primary stage T2 Gleason score 6 cancers (six with positive 

10 regional lymph nodes and five with negative lymph nodes), 12 primary stage T3 Gleason score 9 
cancers (six with positive regional lymph nodes, six with negative lymph nodes), and five metastatic 
tumors. 

TABLE 1 shows Gleason grade, age, pre-operative serum prostate-specific antigen levels and 
staging of all patients from whom prostate tissues were obtained for this study. Twelve separately 

1 5 collected prostatic tissue samples matched with the cancer tissues (obtained from the same patients) 
were used as normal controls. 

Isolation ofRNA and gem expression profiling. Thirty prostate tissue sections of IS-pm 
thicknesses were cut whh a cryostat and used for RNA isolation. Total RNA was extracted from 
frozen tissue sections with Trizol® reagent (Life Technologies, Inc., Carlsbad, CA). DNA was 

20 removed by treatment of the samples with DNase I using DNA-fi^e™ kit (Ambion, Austin, TX) and 
further RNA cleanup was performed using RNeasy Mini kit (Qiagen, Valencia^ CA) according to the 
manufacturer's protocols. RNA quality was monitored by agarose gel electrophoresis and also on 
Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA). High-density oligonucleotide 
microarrays HG-U95Av2 containing 12,625 sequences of human genes and ESTs (Affymetrix, 

25 Santa Clara, CA) were used in this study. Complementary RNA was prepared, labeled and 
hybridized to oligonucleotide arrays as described previously (13). The arrays were scanned with 
gene array scanner (Agilent technologies, Palo Alto, CA). All arrays were scaled to a target intensity 
of 1500. Raw data was collected and analyzed by using Aflfymetrix Microarray Suite 5.0 version. 
Quantitative Real-Time RT-PCR. To confirm the differential expression of genes from 
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microarray data, four down-regulated genes, ZNF185, PSP94, BPAGl and TGM4 and two up- 
regulated genes Erg-2 and RhoGDl-p were selected for validation by Taqman real-time RT-PCR in a » 
total of 44 tissues, including 36 samples used for microarrays with an additional 4 primary tumors 
and 4 adjacent benign tissues. One (1) fig of the total RNA was used for first-strand cDNA 

5 synthesis. The PGR mix contained IX reaction buffer (1 0 mM Tris, 50 mM KCl, pH 8.3), MgCb (5 
mM), PGR nucleotide mix (1 mM), random primers (0,08 A260 units), RNase inhibitor (50 units), 
AMV reverse transcriptase (20 units) in a final volume of 20 nl. 

For real-time PGR one \x\ of the cDNA was used in the PGR reactions. Taqman real-time 
primers and probes were designed using the software Primer Express™ version 1 .5 (PE Applied 

10 Biosystems, Foster Gity, GA) and synthesized at Integrated DNA Technologies (Goralville, lA). The 
sequences of the primers and probes for each gene are provided in Fig. 2(a). Probes were labeled at 
5* end with the reporter dye 6-carboxyfluorescein (6'-FAM) and at 3' end with a Black Hole 
Quencher (BHQ). Probes were purified by reverse phase HPLG and primers were PAGE purified. 
All PGR reactions were carried out in Taqman Universal PGR master mix (PE Applied Biosytems) 

15 with 300 nM of each primer and 200 nM of probe in a final volume of 50 nl. Thermal cycling 
conditions were as follows: 2 min at 50^C, with denaturation at 95X for 10 min, 40 cycles of 15 sec 
at 95**G (melting) and 1 min at 60X (annealing and elongation). The reactions were performed in an 
ABI Prism® 7700 Sequence Detection System (PE Applied Biosystems). To evaluate the validity 
and sensitivity of real-time quantitative PGR, serial dilutions of the oligonucleotide amplicon of the 

20 gene in a range of 1 to 1 x 10^ copies were used as corresponding standard. Standard curves were 
generated using the Gt values determined in the real-time PGR to permit gene quantification using 
the supplied software according to the manufacturer's instmctions. In addition, a standard curve was 
generated for the housekeeping gene, glyceraldehydc-3-phosphate-dehydrogenase (Applied 
Biosystems, part number 402869) to enable normalization of each gene. Data were expressed as 

25 relative copy number of transcripts after normalization. 

Cell Lines and S-Aza-CdR Treatment. The human prostate cancer cell lines LNGaP, PG3 
(American Type Gulture Gollection, Rockville, MD, USA) and LAPG4 (a gift fiom Dr. Gharles L. 
Sawyers, University of Galifomia, Los Angeles, GA) were grown in Roswell Park Memorial 
Institute (RPMI) 1640 medium supplemented with 5% fetal bovine serum (FBS) at 2TC and 5% 
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C02 until reaching approximately 50-70% confluence. Cells were then treated with 5% FBS RPMI 
1640 containing 6pM 5-aza-2'-deoxycytidine (5-Aza-CdR) (Sigma Chemicals Co., St. Louis, MO) 
for 6 days, with medium changes on day 1 , 3, and 5. Total RNA was isolated from the cell lines and 
the expression of the ZM'185 was analyzed by Taqman real-time PCR as described above. The 

5 housekeeping gene GAPDH was used as an intemal control to enable normalization. 

DNA isolation and Bisulfite modification. Genomic DNA was obtained from metastatic, 
primary, matched benign prostatic tissues and the above mentioned prostate cancer cell lines treated 
with 5-Aza-CdR, using Wizard® genomic DNA purification kit according to the manufacturer's 
protocol (Promega, Madison, WI). Genomic DNA (100 ng) was modified by sodium bisulfite 

10 treatment by converting unmethylated, but not methylated, cytosines to uracil as described 
previously (14). DNA samples were then purified using the spin columns (Qiagen), and eluted in 50 
jil of distilled water. Modification was completed by treatment with NaOH (0.3 M final 
concentration) for 5 min at room temperature, followed by ethanol precipitation. DNA was re- 
suspended in water and used for PCR amplification. 

15 Methylation Specific PCR (MSP). DNA methylation pattems within the gene were 

determined by chemical modification of unmethylated cytosine to uracil and subsequent PCR as 
described previously (1 5), using primers specific for either methylated or the modified unmethylated 
sequences. The primers used for MSP were shown in Fig. 3(b). Two spts of primers were designed 
corresponding to the genomic positions around 210 and 335. Genomic position indicates the 

20 location of the 5* nucleotide of the sense primer in relation to the major transcriptional start site 
defined in the Genbank accession number (Y09538). The PCR mixture contained IX PCR buffer 
(50 mM KCI, 10 mM Tris-HCl pH 8.3 with 0.01% w/v gelatin), dNTPs (0.2 mM each), primers 
(500 ^M) and bisulfite modified or unmodified DNA (1 00 ng) in a final volume of 25 \xl Reactions 
were hot-started at 95**C for 10 min with the addition of 1.25 units of AmpliTaq Gold ™ DNA 

25 polymerase (PerkinElmer). Amplifications were carried out in GeneAmp PCR systems 9700 
(Applied Biosystems) for 35 cycles (30 sec at 95°C, 30 sec at 55°C and 30 sec at 72°C), followed by 
a final 7 min extension at 72°C. Appropriate negative and positive controls were included in each 
PCR reaction. One (1) ^l of the PCR product was directly loaded onto DNA 500 lab chip and 
analyzed on Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto,CA). 



9 



RESULTS 

Gene expression profiles of 28 prostate cancer tissues were monitored using oligonucleotide 
microarrays. A gene-by-gene analysis of the difference in mean log expression between the two 

5 groups was performed to identify genes differentially expressed between cancer and benign tissues. 
Genes were ranked according to inter-sample variability (SD), and 1850 genes with the most 
variable expression across all of the samples were median-centered and normalized with respect to 
other genes in the samples and corresponding genes in the other samples. Genes and samples were 
subjected to hierarchical clustering essentially as described previously (1 6). Differential expression 

10 of genes in benign and malignant prostate tissues was estimated using an algorithm (13) based on 
equally weighted contributions from the difference of hybridization intensities (fiTumor-jiNormal) 
or (iiNormal-nTumor), the quotient of hybridization intensities (fiTumor/jj.Normal) or 
(jiNormal/nTumor), and the result of an unpaired Mest between expression levels in tumor and 
normal tissues. The selection criteria was narrowed to genes that showed a fold change of >2.35 

15 between normal and cancer samples and a p<0.001 by student's t-test. A cluster of 25 up-regulated 
and 25 down-regulated genes, which discriminated between normal and cancer tissues was identified 
(Fig. 1). 

Among the 25 down-regulated genes we identified (Fig. 1), PSP94, BPAGl, WFDC2, KRT5, 
KRTl 5, TAGLN, ZFP 36 and the genes encoding LIM domain proteins FLHl , FLH2, ENIGMA are 

20 consistent with the expression profiles of the previous studies (2, 7, 17-19). Up-regulation of 
hepsin, AMACR, STEAP, FOLHl, RAP2A and the unknown gene DKFZP564B167 are consistent 
with the previously published data of microarray analysis (2-7, 1 8, 20, 2 1). In addition our data also 
confirms up-regulation of the cell cycle regulated genes CCNBU CCNB2, MAD2L1, DEEPEST, 
BUBIB, cell adhesion regulator MACMARCKS, unclassified genes KIAA0186 and iaAA0906 

25 (5,7,17,21). 

PSP94, ZNFl 85, BPAGl, and TGM4 were selected from the 25 down-regulated genes and 
Erg-2 and RhoGDI-p from the 25 up-regulated genes for further validation by Taqman quantitative 
PGR. These genes were selected because of their moderate to high level expression in prostate 
cancer. In addition, their potential functions, as mentioned below, are relevant to prostate cancer 
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biology. Furthermore, except for PSP94, their role in prostate cancer biology has not been 
previously described. PSP94 has been shown to be down-regulated in prostate cancer (22) and is the 
most down-regulated gene in the instant microarray data. 

To validate the expression profiles, Taqman quantitative PCR was performed in duplicate for 

5 each sample. The standard curve slope values for all the genes ranged between -3.58 and -3.20, 
corresponding to PCR efficiency of above 0.9. The Kruskal-Wallis global test was done with the 
real time quantitative analysis for all the genes, A significant decrease in the expression of ZNF 1 85, 
BPAGl and PSP94 mRNA levels was observed in metastatic versus organ confined and localized 
tumors compared to benign tissues [p<0.0001 ] (Fig, 2b). Moreover, the Wilcoxon test was used to 

1 0 compare each tissue type to the adjacent benign tissues. ZNF 1 85, BPAGl and PSP94 showed p- 
values less than 0.0019 in each group compared to benign tissues. 

PSP94 is a highly prostate specific gene encoding a major prostate secretory protein. Earlier 
studies reported that both the secretion and synthesis of PSP94 were reduced in prostate cancer 
tissues (22). PSP94 is involved in inhibition of tumor growth by apoptosis (23) and the down- 

1 5 regulation in prostate tumor tissues may be the survival mechanism for cancer cells. The instant 
experiments indicate that PSP94 palys a role in prostate cancer progression. 

BPAGl is a 230-kDa hemi-desmosomal component involved in adherence of epithelial cells 
to the basement membrane. Previous studies have shown a loss of BPAGl in invasive breast cancer 
cells (24). The down-regulation of BPAGl in our study (> 14 fold in metastatic tissues) provides an 

20 indicator of an invasive phenotype and predicts the potential of invasive cells to metastasize (25). 

Erg-2 is a proto-oncogene known to play an important role in the development of cancer 
(26). Erg-2 expression levels were herein observed to increased in 1 6 (50%) out of 32 cancer tissues 
when stringently compared to the highest level of Erg-2 in 12 adjacent benign tissues. The increase 
in mRNA levels of Erg-2 in at least half of the cancer tissues examined indicates a role of Erg-2 in 

25 prostate cancer. 

Furthermore, TGM4 is a prostate tissue specific transglutaminase (type IV) that has been 
implicated in apoptosis and cell growth (27). RhoGDI- P may be involved in cellular transformation 
(28). The present Taqman PCR study shows that TGM4 and RhoGDI- p levels were not changed 
significantly in most of the prostate cancer tissues (data not shown). 
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ZNFl 85 is a novel LIM domain gene (29), and, according to the present invention, plays a 
role in prostate cancer development and progression. Particular LIM domain proteins have been 
shown to play an important role in regulation of cellular proliferation and differentiation (30-34). 
ZNF185 is located on chromosome Xq28, a chromosomal region of interest as a result of the more 

5 than 20 hereditary diseases mapped to this region. The ZNF185 LIM is a cysteine-rich motif that 
coordinately binds two zinc atoms and mediates protein-protein interactions. Heiss et al (29) cloned 
a full-length ZNFl 85 cDNA and showed that the transcript is expressed in a very limited number of 
human tissues with most abundant expression in the prostate. 

Significantly, tiie present invention is the first identification of a correlation of ZNFl 85 

10 regulation and cancer. Specifically, there was a significant down-regulation in the expression of 
ZNFl 85 gene in all prostate cancer tissues compared to benign prostatic tissues (Fig. 1 and 2b). The 
decrease in ZNF185 expression in prostate tumors indicated that ZNF185 plays an important role in 
the development and progression of prostate cancer. 

To study the transcriptional silencing of ZNF185 in prostate cancer, LAPC4, LNCaP and 

1 5 PC3 prostate cancer cell lines were treated with 5-Aza-CdR an inhibitor of DNA methyl transferase 
DNMTl (34). Treatment with 5-Aza-CdR showed approximately a 2.0-fold increase in mRNA 
levels of ZNF185 (Fig 3a, indicating that the gene might be partially silenced by methylation. To 
confirm the transcriptional inactivation, MSP was carried out to assess the methylation status of 
cytosine residues in the 5' CpG dinucleotides of genomic DNA in prostate tumors, adjacent benign 

20 tissues and in prostate cell lines with or without treatment with 5-Aza-CdR. Cytosine methylations 
within CpG dinucleotides were observed in the prostate cancer tissues and cell lines with two sets of 
primers used for PCR (Fig 3c). A reduction of the methylated band and increase of the 
unmethylated band in cell lines with 5-A2a-CdR treatment is consistent with the restoration of 
ZNFl 85 mRNA levels after demethylation. (Fig 3a). 

25 In most of tissues samples, DNA not treated with bisulfite (unmodified) failed to amplify 

with either set of methylated or unmethylated specific primers but readily amplified with primers 
specific for the sequence before modification, suggesting an almost complete bisulfite reaction. 
Methylation of ZNFl 85 was accompanied by amplification of the unmethylated reaction as well. 
The presence of the unmethylated ZNFl 85 DNA could indicate the presence of normal tissues in 
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these non-microdissected samples. However, heterogeneity in the patterns of methylation in the 
tumor itself might also be present. Fisher's unordered test for methylation difference in metastatic, 
confmed tumors and benign tissues was highly significant (p<0.0003). 

The incidence of methylation in cancer tissues is shown in Fig. 3(d). Methylation status and 
5 down-regulation in the mRNA expression is correlated with higher tumor grade and metastasis. 
These results indicate that methylation of CpG dinucleotides may be the major factor causing 
transcriptional inactivation of ZNF185 and repressing its expression in the prostate cancer tissues. 

In summary, mRNA expression analysis with oligonucleotide micioarrays identified a set of 
genes that characterize prostate cancer and benign prostatic tissues. A decrease in the expression of 
10 genes PSP94, BPAGl and ZNF 1 85 highly correlates with prostate cancer progression. Increase of 
Erg-2 levels also indicates its role in development of prostate cancer. 

Significantly, this is the first study to identify inactivation of the LDVL domain gene ZNF185 
in patients with prostate cancer and in prostate cancer cell lines. The present invention identifies 
this gene as a marker of prostate cancer aggressiveness. According to the present invention, 
15 transcriptional silencing of PSP94 and BPAGl additionally serves as prognostic markers for prostate 
cancer progression, and as potential therapeutic targets for prostate cancer. 

TABLE 1. Prostate tissue samples with preoperative PSA values at diagnosis, Gleason 
histological scores, and metastasis status of the tissues. 

20 



Gleason 

grade/Lymph 

node 


Sample ID 


Age 


Preop PSA 
(ng/ml) 


TNM (97) 


Metastatic 
site 


6/Negative 


6N1 


55 


9.4 


T2b,N0- 






6N2 


50 


7.5 


T2b,N0- 






6N3 


57 


10.3 


T2b,N0- 






6N4 


67 


16.7 


T2b,N0- 






6N5 


68 


8.1 


T2a,N0- 




6/Positive 


6P1 


71 


17.1 


T2b,Nl+ 






6P2 


61 


5.2 


T2b,N0+ 






6P3 


71 


41.0 


T2b,N0+ 






6P4 


65 


7.0 


T2a,N0+ 






6P5 


51 


14.3 


T2b,N0+ 






6P6 


66 


• 23.5 


T2b.N0+ 




9/NeBative 


9N 1 


67 


21.6 


T3a,N0- 






9N2 


65 


29.4 


T3b.N0- 
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Gleason 

grade/Lymph 

node 


Sample ID 


Age 


Preop PSA 
(ng/ml) 


TNM(97) 


Metastatk 
site 




9N3 


65 


24.9 


T3b,N0- 






9N4 


54 


50.0 


T3b,N0- 






9N5 


59 


25.8 


T3b.N0- 






9N6 


71 


6.1 


T3b,N0- 




9/Positive 


9P1 


66 


4.5 


T3a,N0+ 






9P2 


65 


6.69 


T3b,N0+ 






9P3 


76 


7.6 


T3b,Nl+ 






9P4 


71 


467.0 


T3b,N0+ 






9P5 


69 


5.6 


T3b,N0+ 






9P6 


66 


2.9 


T3b,Nl- 




Metastatic 


Metl 


62 


0.15 




Liver 




Met 2 


72 


97.3 




Peritoneum 




Met 3 


49 


0.15 




Lymph node 




Met 4 


60 


18.4 




Lymph node 




MetS 


68 


8.9 




Lung 
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We claim: 
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ABSTRACT 

The present invention provides, inter alioy novel methods and compositions for the 
diagnosis, staging and prognosis of prostate cancer, based on transcriptional silencing of gene 
expression, including of zinc finger protein 1 85 (ZNF 1 85), prostate secretory protein (PSP94) and 
5 bullous pemphigoid antigen (BPAG), and based on DNA methylation. 
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Hs.35 

Hs.12 

Hs.e36S6 4 04.1.27 



355*2.14 
4 18*12.05 
4 13*6.82 

4 05*1 -.25 
2 99*5.24 
307*6.25 

5 71*7.57 
2.91*2.60 
8.22*6.60 
1.24* 1.51 



73 3 87*9.42 

«7 5.65*11.1: 10.49. 1S.6 
^ 27^64438.62 S.57«2&.47 



2 39* 

3 37*3.07 
2 55»§63 
1.72*2,22 
2 80*2 96 
1.62*1 09 
2 37*2 59 
1 90*2 M 

1 04.0.58 
0 77»l,l8 

4 88*5 49 
2.45*7 68 
179* 1.88 
2.08*0 91 
2.45*1 30 

5 26*6.36 

2 24*3 95 
2.10*2 52 
2.13*164 
2 12*2 07 
2 23*1 37 
i.43*C 52 
2 16*1.14 
0.81*0.68 



10.49. 1S.61 8 82*13.08 
5.57*2S.47 1.55*2.45 
3 02*3.17 159*0 79 



6P 

5?:v-i9.-; 
; 36- 5: 

2->9-f»5l 
5 32-0 4.: 
2?^'2 71 
3.19-2 26 
3 3A-2 42 

3 40-'. 71 
52/-; OS 
517-350 
2 56- 1 ;.C 
2.32-0 91 
.V.5-12E 
3.57- ■■ 51 
384321 
4.76-2 44- 

4 14-2 1C 
3.01-2 73 
2 36-1 ^ 
4.34.1 48 

5 24*2 49 
2.95-1.74 

4 68-5 26 

5 59-0 4f 

1.00- 4 90 
4.64-8 56 
065-0.32 
393-2 46 
3.0: -2 72 
2,64.149 
2.u.va<f 

0 25-019 
1.91-2 13 
5.06. 7 52 
2.95*4 70 

2.01- 2 39 
2.70-055 

2.18- - 59 
4.35-5 57 

3.19- '. 2£ 
2.47.3 83 
I.60'2 19 
2.24-0 82 

1 62-1 52 
2.42-1 13 

6 09-254 
0.33-121 



6N 

23 47- 19 

1 5- -20.=% 
2.6 >D 70 

31 

2.88-2 :Z 
3.2S-3.')r» 
2.78- ^31) 
rv:3S-"4 1-: 
4.09-2.72 

2 55-1 .S7 
3.39 -2.5o 
3.48- 1 
2.63-D 56 
2.87- -..S-j 
4.76-4.:0 
? 76-5.32 
3.2 •• -2 5'.> 

2 88-1 8^ 
3.29-1. 6j 

3 14.2 fv. 
1.69*0.75 

4 45*4.94 
2 fA-O 85 
1.24-2.D6 
3,85-2.95 
;.0:-O.57 
4 19-1.90 
2.46*2. 2 
:. 88-0 73 
3.0>2.15 
1.13-0.40 
2.23-;. 99 
19 69-12 37 
4.02*2.80 
1.34.;. 20 
2.90-0.4>i 
1.95-1.06 
4.73-7.76 
5.33-4.46 
2.83-2.65 
2.08*1 36 
2.i3--.0.^ 
2.-.M 45 
5.16-0.95 
6.03-2.95 
1.44*0.57 



17.51*15.26 2101-15.34 
0.96-0.46 0.93*0 65 
2.09*069 219.0 55 



-ig. 1 




Amplicon 

Cene Primers and Probe bp 



2NF185 FP 


T66 ATO AAA 66C AAO GTA AAO AO 


84 




RP 


TTC TAA AAC TCC CTT AAA GGC AGA CT 






Probe 


CCA AG A TAG GCT G6C TTC CCC C6 




PSP94 


FP 


AGT GAA TGG ATA ATC TAG TGT GCT TCT A6T 


100 




RP 


GCA TGG CTA CAC AAT CAT TG A CTA T 






Probe 


CCC AGG CCA GGC CTC ATT CTC CT 




BPA61 


FP 


TCG CTO AAA GAG CAC GTC AT 


94 




RP 


AGC AAT CTA AAA CAC TCC AGC TTG 






Ptobe 


AAT CAA AGA GAA AGA TAT AAA TTC GTT CCC ACA GCC 




FP 


TCC TGT CGG ACA GCT OCA AC 


75 




RP 


CGG GAT CCG TCA TCT TGA 






Probe 


TGC ATC ACC TGG GAA GGC ACC AAC 





▲ ABT 06N 6P DSN MB? 



MeanlSD 
35.461 4.S6- 
8.4612.09 
7i8±4,31 
W5±3.51 
553±3.19 
1-60*0.78 

60t4i1± 1707.09 
1427.85+1088.17 
1803.2St 1468.32 



OCD-OO 



ZNF185 



DQH>-0-0 



10 



20 



30 



40 



PSP94 



722.71+059.501 3 D-£>-a 

541.711443.101 



30.S4±54^j|i^ 



2,000 



4,m 



38.8118.58 

6jD313.18 

6.8814.77 
10.4618.14 

9106+7.21 fWH 

11213Jl|||b 

0 

19.9716.35^ 
122.30159.62 

41.771 73.M 
11127+127.63 

49.04+ 58.13 

73.62175.38 



OOCO 



6.000 8.000 

BPAG1 



10 



20 30 



40 



-ooo 
— • 



50 



Erg-2 
-a D 



Mb 



100 200 

Relative expression 



300 



Fig. 2B 




LAPC4 LNCaP PCS 



^ 

F\g. 3A 



Primer 
set 



Size Genomic 
(bp) posltfon 



1W FP GCGCAGTTCCGGGTGTCTGTC 197 210 

RP GCGGGGAGGACCAGCGTTAG 

1M FP G£GTA6TTT£GGGTGTTTG 197 210 

RP ACSAAAAAAACCAACf^TTAACTA 

1U FP 6IGTA6TTTTGGGTOTTTOTTAG6 196 210 

RP AA AAAACCAAC ^TT AACTATTCTC 

2W FP CCTGGGACTCCGTCAGACTGG 148 335 

RP GACAGACACCCgGAACTGCS 

2M FP TTG06ATTTCGTTAGATTG0 145 335 

RP AACAAACACCCSAAACTACS 

2U FP TGGGATTTIGTTAGATTGGAAAGG 146 333 

RP CTAACAAACACCC£AAACTAC&CCA 



•o 



Tissues 

Untreated 
DNA 

■o 6N 6P 9N 9P Met (ABT) 

Primer seM^UMU MUMUMUMUMUMW 

Primer set 2 

150"-^ - ^Ld— 



Cell lines 

Untreated S-Aza-CdR treated 

I ' " ' 

5 LAPC4 LNCaP PC3 lAPCA LNCaP PC3 



Primersetl -"^MUMUMUMUMUM 
200 _ _ ^ 

Primer set 2 

150—. ^ ._ , 



Fig. 3C 



Samples Total Methylated (%) 

Benign prostatic tissues 12 0(0) 

Gleason Score 8 tumors 1 1 4 (36.3) 

Gleason Score 9 tumors 14 7 (50) 

Metastatic tissues 5 5 (100) 



Mayo-l.ST25.txt 
SEQUENCE LISTING 

<110> Vanaja, Donkena Krishna 
Young, Charles Y.F. 

<120> Methods And Compositions For Diagnosis, Staging and Prognosis of 
Prostate Cancer 

<130> 1-1 

<160> 26 

<170> Patent In version 3.2 

<210> 1 

<211> 3614 

<212> DNA ' 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (41) . . (1399) 

<400> 1 

gctacaagat gaccactgag gattacaaga agctgtgagt atg caa cgc cag gca 55 

Met Gin Arg Gin Ala 
1 5 

ccc tac aat ate agg cgc age tct aca tea ggg gac aec gag gag gag 103 
Pro Tyr Asn lie Arg Arg Ser Ser Thr Ser Gly Asp Thr Glu Glu Glu 
10 15 20 

gag gag gag gag gtg gtg cca ttc tec tea gat gaa cag aaa egg agg 151 
Glu Glu Glu Glu Val Val Pro Phe Ser Ser Asp Glu Gin Lys Arg Arg 
25 30 35 

tea gag get gca age ggt gtt ctg agg agg aca get ccc egg gag cac 199 
Ser Glu Ala Ala Ser Gly Val Leu Arg Arg Thr Ala Pro Arg Glu His 
40 45 50 

tec tac gtc ctg tea gcg gcc aag aag age act ggc agt cct ace cag 247 
Ser Tyr Val Leu Ser Ala Ala Lys Lys Ser Thr Gly Ser Pro Thr Gin 
55 60 65 

gag aca cag gca ceg ttt ate gcg aag agg gtg gag gtg gtg gaa gag 295 
Glu Thr Gin Ala Pro Phe lie Ala Lys Arg Val Glu Val Val Glu Glu 
70 75 80 "85 

gac ggg cct tct gag aag age cag gac cca cct get ctg gca aga tec 343 
Asp Gly Pro Ser Glu Lys Ser Gin Asp Pro Pro Ala Leu Ala Arg Ser 
90 95 100 

act cct ggc tea aac age tea aga ggt gag gaa att gtc cgc ctg cag 391 
Thr Pro Gly Ser Asn Ser Ser Arg Gly Glu Glu He Val Arg Leu Gin 
105 110 115 

ate ctg aca ccc agg gca gga etc cgc ctg gtg gcc cca gac gtg gaa 439 
He Leu Thr Pro Arg Ala Gly Leu Arg Leu Val Ala Pro Asp Val Glu 
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120 125 130 

ggc atg age tec agt gcc act tea gtc tot get gtc cct get gat agg 487 
Gly Met Ser Ser Ser Ala Thr Ser Val Ser Ala Val Pro Ala Asp Arg 
135 140 145 

aag age aac age aca gca gee eag gag gat gca aag gea gac cea aag 535 
Lys Ser Asn Ser Thr Ala Ala Gin Glu Asp Ala Lys Ala Asp Pro Lys 
150 155 160 165 

ggg gcc ttg get gat tgt gag ggg aag gat gta ccc acc agg gtc gga 583 
Gly Ala Leu Ala Asp Cys Glu Gly Lys Asp Val Pro Thr Arg Val Gly 
170 175 180 

gag gee tgg eag gag agg ect gga get eea aga ggt ggc caa gga gac 631 
Glu Ala Trp Gin Glu Arg Pro Gly Ala Pro Arg Gly Gly Gin Gly Asp 
185 190 195 

cca get gta ccc get eag caa cct gca gat ccc age acc cca gag egg 679 
Pro Ala Val Pro Ala Gin Gin Pro Ala Asp Pro Ser Thr Pro Glu Arg 
200 205 210 

eag age age ccc age gga tet gag caa ett gtc aga cga gag agt tgt 727 
Gin Ser Ser Pro Ser Gly Ser Glu Gin Leu Val Arg Arg Glu Ser Cys 
215 220 225 

ggc agt age gtg ttg act gat ttt gag ggg aag gat gtg gcc ace aag 775 
Gly Ser Ser Val Leu Thr Asp Phe Glu Gly Lys Asp Val Ala Thr Lys 
230 235 240 245 

gtc gga gag gee tgg eag gac agg cct aga gee cea aga ggt ggc caa 823 
Val Gly Glu Ala Trp Gin Asp Arg Pro Arg Ala Pro Arg Gly Gly Gin 
250 255 260 

gga gac cca get gta ccc act eag caa cct gea gat ccc agt acc cca 871 
Gly Asp Pro Ala Val Pro Thr Gin Gin Pro Ala Asp Pro Ser Thr Pro 
265 270 275 

gaa eag eag aac age ccc age gga tet gag caa ttc gtc aga cga gag 919 
Glu Gin Gin Asn Ser Pro Ser Gly Ser Glu Gin Phe Val Arg Arg Glu 
280 265 290 

age tgc acc age agg gtg agg age ccc teg age tgc atg gtc act gtt 967 
Ser Cys Thr Ser Arg Val Arg Ser Pro Ser Ser Cys Met Val Thr Val 
295 300 305 

act gtc act gee aca tet gag eag ect cae att tat att cea gee ccc 1015 
Thr Val Thr Ala Thr Ser Glu Gin Pro His lie Tyr lie Pro Ala Pro 
310 315 320 325 

gca agt gaa ttg gac tec age tet acc ace aaa ggg att etc ttc gtg 1063 
Ala Ser Glu Leu Asp Ser Ser Ser Thr Thr Lys Gly He Leu Phe Val 

330 ' 335 340 

aag gag tac gtg aat get agt gaa gtg tet tet ggg aag cca gta tot 1111 
Lys Glu Tyr Val Asn Ala Ser Glu Val Ser Ser Gly Lys Pro Val Ser 
345 350 355 



gca cgc tat age aac gtc age age att gag gac tea ttc gcc atg gag 
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Ala Arg Tyr Ser Asn Val Ser Ser He Glu Asp Ser Phe Ala Met Glu 
360 365 370 

aag aag cct cca tgt ggc age act cca tac tct gag agg aca act gga 1207 
Lys Lys Pro Pro Cys Gly Ser Thr Pro Tyr Ser Glu Arg Thr Thr Gly 
375 380 385 

ggg ate tgt act tac tgc aac cgt gag ate cga gae tgt eca aag att 1255 
Gly He Cys Thr Tyr Cys Asn Arg Glu He Arg Asp Cys Pro Lys He 
390 395 400 405 

ace eta gaa cat ctt ggt ate tge tgc cat gaa tat tgc ttt aag tgt 1303 
Thr Leu Glu His Leu Gly He Cys Cys His Glu Tyr Cys Phe Lys Cys 
410 415 420 

ggg att tgc agt aaa ccg atg ggc gat etc ctg gat cag ate ttc att 1351 
Gly He Cys Ser Lys Pro Met Gly Asp Leu Leu Asp Gin He Phe He 
425 430 435 

cac cgt gac acc att cac tgt ggg aaa tgc tat gag aag etc ttc tag 1399 
His Arg Asp Thr He His Cys Gly Lys Cys Tyr Glu Lys Leu Phe 
440 445 450 

cgacccccca ccgccagget gatcagaagc tgatgacteg tggacaaatt tggctgtccc 1459 

eagttttgec ceaagttget gtctcccctt ecctcacctc ctccctccct gtttgatttc 1519 

ttcatgcttt tgcccttctc aagttgaagt tgcatacatc caatatcgta tcttaatgat 1579 

gctatgataa ttgcttgtgt gtgtagcttc ttgtagctta gaaagcgctt tatgcccatg 1639 

atgtcatttc aggctcaacc aaagaggatc aaacaggaat tccatcttgg cttccctaag 1699 

acagattggc tttctaatga gtttaagtgg gcagaagtgt agggttcagt gtgtcctgac 1759 

tcecttgagg ettataatgg gccaagttga agactgttga tgatccctgg tgggtaaatt 1819 

gcagacatea aatgctaggg attggeatag gctagtgttt agcttgtcta tttgccatat 1879 

ctattttttt aaatttecat acacttgtaa aagtagttag ttgcttttga ttgagttata 1939 

tagcagtttt tcatttggtc ttecactcac cgttcactat atttgagtgt tcccttacag 1999 

gtatgttggc atgtgttgga aaatttacac aattaggttt aaattcagta ggatgtgatt 2059 

ttgggggtgg actgatcaaa gtgatatctg tgtctgttgg aatcttgata gctgattaat 2119 

ttgecctcaa ttctgctccc tgaacttcac acataaatct tcccaagtgg gttttagggt 2179 

gtatagatcc eagcaggatt aaggaagtgg aaaageagct aacatttctt gaggctctac 2239 

caeatagcag gcactgtcac agagtaatgg cattaatccc cataataatc ctgtgaaggt 2299 

gatattctea tcecatctta gacatgagga tattggaact cagagaggtg getattgcat 2359 

tgcgeagaac gctacagagc ccatgetctt eccagagcag cacccacaaa agcaagcatt 2419 

gattttgtgc tcagtgtgtg ccaagcactg tgcagagggt acacagttcc tgccaggtta 2479 
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acaccctccc ttcaggcctc ccaaaggcat aggcttgcaa agagcagaag gtgtgaaatc 2539 

acactcttcc tctgggcatc ctggatccct gaattatccc cccccccatg aagtacttca 2599 

agggccaagc tgcccctttc cctcctctcc gcccatgaaa atgcctccaa actgagatgc 2659 

tttcagctga gaacagattt gactcacaga cattaccaaa gaggagcttg tgaatccagg 2719 

aaaagctcca gggggctagc tgatctgagc agagagcttt cagtgaccca ttttcctgtc 2779 

tagactctgc cttaagctag tggcaactgc tggggcccca ggtacttggg acatggaaac -2839 

tcgttggatg gctgggcaga tgtaagcctg tccatgcagt cagccgatcc tctgctcagg 2899 

ttcagctgga ctctgccatc tgtgggccca gcatcactct gtaagttcct tgaaaggaag 2959 

aacaacctta gagtatttct gatacaaaat gagggcctct gctcttgatt taattataaa 3019 

atgtctacgt ctttctccag tttctgagcc ctatgcacat tggcttgtgg gcttgttctt 3079 

cctgccaaat gatcagagag ggaacattcc atttatttgt agtggatttc ctctggaggg 3139 

catgtaccca cactaaatac caactgctct tcctcagctg tagtccccaa catcagactt 3199 

ggcacgtggt ggacactaac acacaggcac tcaatgaatg agtgaaggaa ataaaagtca 3259 

ccccccgttg gtgagaaggt gcctatcccc ctgagtcctc agtgcaggac cagtggatga 3319 

aaggcaaggt aaagaggccc aagataggct ggcttccccc gttcaaggta tagtctgcct 3379 

ttaagggagt tttagaacca acatgcaaga cattgaaaga aatcttgcaa gagccattat 3439 

tgacttagat ccaaaacagc ctctctcatg tctaaaaagg cacagaattt tgcagatctg 3499 

aggaagaggg atgcattacc tttttgcttc ttttcaattg cttagtgttt ctaatcatac 3559 

ttaatccaca ctaatgtgcg caattataat aaatgctaaa atatcaaaaa aaaaa . 3614 

<210> 2 

<211> 452 

<212> PRT 

<213> Homo sapiens 

<400> 2 

Met Gin Arg Gin Ala Pro Tyr Asn He Arg Arg Ser Ser Thr Ser Gly 
15 10 15 

Asp Thr Glu Glu Glu Glu Glu Glu Glu Val Val Pro Phe Ser Ser Asp 
20 25 30 

Glu Gin Lys Arg Arg Ser Glu Ala Ala Ser Gly Val Leu Arg Arg Thr 
35 40 45 



Ala Pro Arg Glu His Ser Tyr Val Leu Ser Ala Ala Lys Lys Ser Thr 
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55 
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60 



Gly Ser Pro Thr Gin Glu Thr Gin Ala Pro Phe He Ala Lyis Arg Val 
65 70 75 80 



Glu Val Val Glu Glu Asp Gly Pro Ser Glu Lys Ser Gin Asp Pro Pro 
85 90 95 



Ala Leu Ala Arg Ser Thr Pro Gly Ser Asn Ser Ser Arg Gly Glu Glu 
100 105 110 



He Val Arg Leu Gin He Leu Thr Pro Arg Ala Gly Leu Arg Leu Val 
115 120 125 



Ala Pro Asp Val Glu Gly Met Ser Ser Ser Ala Thr Ser Val Ser Ala 
130 135 140 



Val Pro Ala Asp Arg Lys Ser Asn Ser Thr Ala Ala Gin Glu Asp Ala 
145 150 155 160 



Lys Ala Asp Pro Lys Gly Ala Leu Ala Asp Cys Glu Gly Lys Asp Val 
165 170 175 



Pro Thr Arg Val Gly Glu Ala Trp Gin Glu Arg Pro Gly Ala Pro Arg 
180 185 190 



Gly Gly Gin Gly Asp Pro Ala Val Pro Ala Gin Gin Pro Ala Asp Pro 
195 200 205 



Ser Thr Pro Glu Arg Gin Ser Ser Pro Ser Gly Ser Glu Gin Leu Val 
210 215 220 



Arg Arg Glu Ser Cys Gly Ser Ser Val Leu Thr Asp Phe Glu Gly Lys 
225 230 ' 235 240 



Asp Val Ala Thr Lys Val Gly Glu Ala Trp Gin Asp Arg Pro Arg Ala 
245 250 255 



Pro Arg Gly Gly Gin Gly Asp Pro Ala Val Pro Thr Gin Gin Pro Ala 
260 265 270 



Asp Pro Ser Thr Pro Glu Gin Gin Asn Ser Pro Ser Gly Ser Glu Gin 
275 280 285 
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Phe Val Arg Arg Glu Ser Cys Thr Ser Arg Val Arg Ser Pro Ser Ser 
290 295 300 



Cys Met Val Thr Val Thr Val Thr Ala Thr Ser Glu Gin Pro His He 
305 310 315 320 



Tyr He Pro Ala Pro Ala Ser Glu Leu Asp Ser Ser Ser Thr Thr Lys 
325 330 335 



Gly He Leu Phe Val Lys Glu Tyr Val Asn Ala Ser Glu Val Ser Ser 
340 345 350 



Gly Lys Pro Val Ser Ala Arg Tyr Ser Asn Val Ser Ser He Glu Asp 
355 360 365 



Ser Phe Ala Met Glu Lys Lys Pro Pro Cys Gly Ser Thr Pro Tyr Ser 
370 375 380 



Glu Arg Thr Thr Gly Gly He Cys Thr Tyr Cys Asn Arg Glu He Arg 
385 390 395 400 



Asp Cys Pro Lys He Thr Leu Glu His Leu Gly He Cys Cys His Glu 
405 410 415 



Tyr Cys Phe Lys Cys Gly He Cys Ser Lys Pro Met Gly Asp Leu Leu 
420 425 430 



Asp Gin He Phe He His Arg Asp Thr He His Cys Gly Lys Cys Tyr 
435 440 445 



Glu Lys Leu Phe 
450 



<210> 3 

<211> 23 

<212> DNA 

<213> artificial sequence 
<220> 

<223> ZNF 185 forward primer 

<400> 3 

tggatgaaag gcaaggtaaa gag 



<210> 4 
<211> 26 
<212> DNA 
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<213> artificial sequence 
<220> 

<223> ZNF 185 reverse primer 
<400> 4 

ttctaaaact cccttaaagg cagact 

<210> 5 

<211> 23 

<212> DNA 

<213> artificial sequence 
<220> 

<223> ZNF 185 probe 

<400> 5 

ccaagatagg ctggcttccc ccg 

<210> 6 

<211> 30 

<212> DNA 

<213> artificial sequence 
<220> 

<223> PSP94 forward primer 

<400> 6 

agtgaatgga taatctagtg tgcttctagt 

<210> 7 

<211> 25 

<212> DNA 

<213> artificial sequence 
<220> 

<223> PSP94 reverse primer 

<400> 7 

gcatggctac acaatcattg actat 



<210> 8 

<211> 23 

<212> DNA 

<213> artificial sequence 
<220> 

<223> PSP94 probe 

<400> 8 

cccaggccag gcctcattct cct 

<210> 9 

<211> 20 
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<212> DNA 

<213> artificial sequence 
<220> 

<223> BPAGl forward primer 

<400> 9 

tcgctgaaag agcacgtcat 

<210> 10 

<211> 24 

<212> DNA 

<213> artificial sec[uence 
<220> 

<223> BPAGl reverse primer 

<:400> 10 

agcaatctaa aacactgcag cttg 

<210> 11 

<211> 36 

<212> DNA 

<213> artificial sequence 
<220> 

<223> BPAGl probe 

<400> IX 

aatcaaagag aaagatataa attcgttccc acagcc 

<210> 12 

<211> 20 

<212> DNA 

<213> artificial sequence 
<220> 

<223> Erg-2 forward primer 

<400> 12 

tcctgtcgga cagctccaac 

<210> 13 

<211> 18 

<212> DNA 

<213> artificial sequence 
<220> 

<223> Erg-2 reverse primer 

<400> 13 

cgggatccgt catcttga 

<210> 14 
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<211> 24 
<212> DNA 

<213> artificial sequence 
<220> 

<223> Erg-2 probe 

<400> 14 

tgcatcacct gggaaggcac caac 

<210> 15 

<211> 21 

<212> DNA 

<213> artificial sequence 
<220> 

<223> IW forward primer 

<400> 15 

gcgcagttcc gggtgtctgt c 



<210> 16 

<21l> 20 

<212> DNA 

<213> artificial sequence 
<220> 

<223> IW reverse primer 

<400> 16 

gcggggagga ccagcgttag 



<210> 17 

<211> 19 

<212> DNA 

<213> artificial sequence 
<220> 

<223> IM forward primer 

<400> 17 

gcgtagtttc gggtgtttg 



<210> 18 

<211> 23 

<212> DNA 

<213> artificial sequence 
<220> 

<223> IM reverse primer 

<400> 18 

acgaaaaaaa ccaacgttaa eta 
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<210> 19 
<211> 24 
<212> DNA 

<213> artificial sequence 
<220> 

<223> lU forward primer 
<400> 19 

gtgtagtttt gggtgtttgt tagg 



<210> 20 

<211> 27 

<212> DNA 

<213> artificial sequence 
<220> 

<223> lU reverse primer 

<400> 20 

caaaaaaaac caacattaac tattctc 



<210> 21 

<211> 21 

<212> DNA 

<213> artificial sequence 
<220> 

<223> 2W forward primer 

<400> 21 

cctgggactc cgtcagactg g 



<210> 22 

<211> 20 

<212> DNA 

<213> artificial sequence 
<220> 

<223> 2W reverse primer 

<400> 22 

gacagacacc cggaactgcg 

<210> 23 

<211> 20 

<212> DNA 

<213> artificial sequence 
<220> 

<223> 2M forward primer 

<400> 23 

ttgggatttc gttagattgg 
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<210> 24 
<211> 20 
<212> DNA 

<213> artificial sequence 
<220> 

<223> 2M reverse primer 
<400> 24 

aacaaacacc cgaaactacg 

<210> 25 

<211> 24 

<212> DNA 

<213> artificial sequence 
<220> 

<223> 2U forward primer 

<400> 25 

tgggattttg ttagattgga aagg 

<210> 26 

<211> 25 

<212> DNA 

<213> artificial sequence 
<220> 

<223> 2U reverise primer 

<400> 26 

ctaacaaaca cccaaaacta caeca 
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